This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



UK Patent Application ns, GB 2 190 078 ,t3,A 

(43) Application publislied 11 Nov 1987 



(21) Application No ODl 1440 


fell IMT/*I 4 
(Dl/ IIM 1 




C03B 37/012 


(22) Date of filing 10 May 1986 






(52) l3omestic classification (Edition 1) 




C1M401 BG 


(71) Applicant 




The FUrukawa Electric Co. Ltd., 


(56) Documents cited 




GBA2128982 GBA2092124 


(Incorporated In Japan), 


GBA2119503 GBA2017077 




GB A 2092125 


No 6-1 Marunouchi2-chome,Chlyoda-ku, Tokyo 100, Japan 






(58) Field of search 


(72) Inventors 


C1M 


Hideyo Kawazeo, 


Selected US specifications from IPC sul>-cla$s C03B 


Akiralino, 




KatsumlOrimo 




(74) Agent and/or Address for Service 




Urquhart-DykesSi Lord,419B Midsummer House, 




Mkisummer Boulevard, Central Mifton Keynes MK9 3BN 





(54) Porous glass rod as fibre preform 

(57) Aporous glass rod 23 Is fabricated 
using a reaction vessel 1 1 which 
includes an elevatfonal passage 
between an exhaust port 1 2 in the vessel 
side and the top of the vessel over its 
interior and a burner 1 4 mounted in the 
vessel for forming glass fine particles, 
and a target 1 5 which is elevationaily 
movable and rotate ble and is inserted 
from the passage 1 3 into the vessel, 
wherein a downward gas stream is 
produced along the outer periphery of 
the passage 1 3 in the vessel. This can 
stabilize the fluid flow in the reaction 
vessel to stabilize the outer diameter 
and the refractive index distribution of 
the glass rod in the longitudinal 
direction. 
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SPECIFICATION 

Method of fabricating porous glass rod and 
apparatus for fabricating the same 

5 

This Invention relates to a method of and apparatus 
for fabricating a porous glass base material for an 
optical system such as optical fibers or rod lenses by 
means of a VAD (vapor-phase axial deposition) 
10 method. 

When a porous glass base material foran optical 
system is fabricated by a VAD method, it is necessary 
to stabilize a gas stream in a reaction vessel in which 
an atmosphere forforming the base material is 

1 5 formed, and if the sufficient stability in the gas 
stream is not obtained, variations in the outer 
diameter and refractive index distribution of the 
porous glass base material Increase. 
To eliminate the variations, adequate means such 

20 as control of exhaust pressure of the reaction vessel, 
control of flow rate of the gas stream from the top to 
the interior of the reaction vessel or flow of the gas 
controlled under pressure have been conducted. 
Prior art Inventions for this are disclosed, for 

25 example, in Japanese Patent Laid-open Nos. 
69234/1981 and 13^38/1982 ofnclal gazettes. 

In Rgures 3(a) and 3(b) showing the example of the 
conventional Invention In Japanese Patent 
Laid-open No. 135738/1 982, numeral 1 designates a 

30 reaction vessel having an exhaust port 2, numeral 3 
designates a passage conductor Inserted from the 
top to the interior of the vessel 1 , numeral 4 
designates a burner mounted at the end from the 
bottomtothe interior of the vessel 1 forforming 

35 glass fine particles, numeral 5 designates a target, 
and numeral 6 designates a porous glass rod. 

According to the conventional method 
exemplified in Figure 3, a predetermined gas is 
flowed from the conduit 3 to the lower portion in 

40 case of forming the porous glass rod 6, the clearance 
in the conduit 3 is large at the initial stage of forming 
the glass rod 6 as shown in Figure 3(a), and when the 
glass rod 6 is introduced into the conduit 3 as the rod 
6 grows, the clearance decreases. 

45 Therefore, as the glass rod 6 grows, thefluidity of 
iiie gas throug h the conduit 3 varies, and the 
directivity ofthe flame of the burner (the injecting 
direction of glass fine particles) in the vessel 1 also 
alters. 

50 In the prior art invention disclosed In Japanese 
Patent Laid-open No. 69234/1 981 , though omitted for 
the description, similar phenomenon also takes 
place. 

Since variation occurs in the directivity of the 
55 flame ofthe burner in the conventional method as 
described above, the method cannot effectively 
prevent the outer diameter or the refractive index 
distribution ofthe porousglass rod 6 from varying in 
case of fabricating the glass rod 6 having a desired 
60 length, and the control ofthe flow rate in the conduit 
3 and the control ofthe pressure In the vessel 1 to be 
compensated are difficult. 

On the other hand. If the inner diameter of the 
conduit 3 is increased to decrease the variation in the 
65 fluidity In the degree to be ignored, the outer 



diameter ofthe glass rod 6 is stabilized, but the 
flowing energy from the top ofthe vessel reduces In 
this case, the glassf ine particles from the burner4 
behave at random In the vessel 1 and the stability of 
70 the refractive index distribution ofthe glass rod 6 Is 
lost. 

Accordingly, an object of this invention isto 
provided method of and apparatus for fabricating a 
porousglass rod which can eliminate the 

75 abovementroned problems and can stabilize the 
fluidity in a reaction vessel to stabilize the outer 
diameter and the refractive index distribution ofthe 
glass rod in the longitudinal direction. 
According to one aspect of this invention, there is 

80 provided a method of fabricating a porous glass rod 
having a reaction vessel including an elevational 
passage from an exhaust port ofthe vessel side and 
the top ofthe vessel overthe interior and a burner 
mounted at the end In the vessel forforming glass 

85 fine particles, and a target elevational ly movable and 
rotatably Inserted from the passage into the vessel 
which comprises injecting to accumulate glass fine 
particles produced through the burner to form the 
porous glass rod at the lower end ofthe target 

90 rotated at a predetermined position in the reactor, 
and drawing the target in response to the growing 
velocity of the porous glass rod, wherein downward 
gas stream is produced along the outer periphery of 
the conduit In the vessel. 

95 According to another aspect of this invention, 
there is also provided an apparatus forfabricating a 
porous glass rod having a reaction vessel including 
an elevational passage from an exhaust port ofthe 
vessel side and the top of the vessel overthe interior 
100 and a burner mounted at the end In the vessel for 
forming glass fine particles, and a target 
elevationally movable and rotatably inserted from 
the passage into the vessel which comprises a 
cylinder having hermetical sealability coupled with 
1 05 the top ofthe passage, a glass flow passage formed 
to flow a downward gas flow between the upper 
inner periphery of the vessel and the outer periphery 
ofthe passage, and a gas inlet formed atthe top of 
the passage. 

110 In the invention, the glass fine particles injected 
from the end ofthe burner In the reaction vessel are 
accumulated on the lower end of the target ofthe 
rotary state to form a porous glass rod, and the target 
is drawn In response to the growing velocity ofthe 

115 glass rod In the same manner as the conventional 
method, and, when the glass rod is thus formed, a 
downward gas stream is advantageously produced 
along the outer periphery ofthe passage in the 
vessel. 

120 When the porous glass rod is fabricated as 

described above in the invention, the porous glass 
rod passes together with the target in the passage, 
and the downward gas stream is flowed to the 
exhaust port along the outer periphery ofthe 

125 passage. 

Therefore, even if the clearance In the passage 
varies as the target first passes and the grown 
porous glass rod then passes through the passage, 
the gas stream moving downward along the outer 

130 periphery of the passage is not affected by the 
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influence of the variation in the clearance, but 
exhibits always stable fluidity. 

As a result, the porous glass base material is 
substantially constantly finished by the downward 
5 gas stream of stable state, and the mutual effect of 
the directivity of the flame of the burner constant 
with respect to the accumulating surface and the 
prevention of random behavior of the glass fine 
particles due to the downward gas stream allows the 
10 refractive index distribution over the longitudinal 
direction of the porous glass base material to 
become constant, thereby obtaining the porous 
glass base material having high quality and 
properties. 

1 5 The above and other related objects and features 
of the invention will be apparent f^om a reading of 
the following description of the disclosure found in 
the accompanying drawings and the novelty thereof 
pointed out in the appended claims. 

20 Figure 1 is an explanatory viewschematically 
showing an embodimentof a method of and 
apparatus for fabricating a porous glass rod 
according to the present invention; 
Figure 2 is an explanato ry view schematical ly 

25 showing another embodiment of a method of and 
apparatus for fabricating a porous glass rod 
according to the invention; and 

Figures 3(a) and 3(b) are explanatory views 
showing the conventional example. 

30 Embodimentsof a method and apparatusfor 
fabricating a porous glass rod of the invention will be 
described In detail with reference to the 
accompanying drawings. 
In Rgures 1 and 2, reference numeral 1 1 

35 designates a reaction vessel having an exhaust port 
12, numeral 13 designates a passage provided from 
the top over to the interior of the vessel 1 1 , numeral 
14 designates a burner mounted at the end from the 
bottom to the Interiorof the vessel 1 1 for produdng 

40 glassfine particles, and numeral 15 designates a 
target known to rotatably and elevationally movable 
act. 

In the construction described above, a cylinder 1 6 
having hermetical sealability is coupled with the 

45 upper surface of the passage 13, a gas flow passage 
17isformed between the upper inner periphery of 
the vessel 11 and the outer periphery of the passage 
to generate a downward gas stream, and a gas inlet 
18 is formed at the upper end of thegas flow passage 

50 17. 

In the case of the first embodiment in Figure 1 , the 
gas Inlet 1 8 Is formed of a plurality of circular 
through holes perforated equidistantiy on the upper 
surface of the vessel 1 1 , and in the case of the second 
55 embodiment in Figure 2, the gas inlet 18 is formed 
through a member having a gas guide inlet 19 and a 
ring-shaped gas outlet 20, and a piping system 22 
having a flow rate regulator 21 Is connected to the 
Inlet 19. 

60 In Figures 1 and 2, numeral 23 designates a porous 
glass rod. 

When the porous glass rod 23 Is fabricated by the 
apparatus exemplified as above, the target 15 is 
inserted atthe lower end to a predetermined position 
65 in the vessel 1 1 , and rotated to Inject and accumu late 



product, i.e., glassfine particles produced by flame 
hydrolysis reaction through the burner 14toward the 
lower end of the target 1 5. 
The porous glass rod 23 is formed on the lower 
70 endofthetarget15bytheaccumulationofsuch 
glass fine particles, and the target 1 5 is drawn 
upwardly In the passage 1 3 and the cylinder 1 6 In 
response to the growing velocity of the glass rod 23. 
In this case, the vessel 1 1 is evacuated from the 
75 exhaust port 1 2, and predetermined gas is 

introduced from the piping system 22 by means of 
natural introduction upon evacuating of the vessel or 
the forcible introduction from the gas inlet 18 into the 
gas flow passage 17, thereby causing a downward 
80 gas flow to occur along the outer periphery of the 
passage 13. 

As described above, the downward gas stream 
flowed to the exhaust port 12 along the outer 
periphery of the passage 1 3 exhibits stable fluidity 
85 not affected by the variation In the clearance in the 
passage 1 3, and causes the mutual effect of the 
directivity of the constantflame of the burner with 
respect to the accumulating area and the prevention 
of random behaviour of the glassfine particles, 
90 thereby maintaining the outer diameter and the 
refractive index distribution of the glass base 
material 23 constant over the longitudinal direction 
of the base material. 
When the porous glass rod 23 is fabricated 
95 according to the method of the invention described 
above, it is preferable to control pressure or flow rate 
to maintain the exhaust gas pressure in the vessel 1 1 
or the flow rate of the downward gas stream 
constant. These controls are regulated by an exhaust 

100 amount regulator (not shown) in the piping system 
connected to the exhaust port 1 2 and the flow rate 
regulator 21 of the piping system 22 connected to the 
gas inlet 19. 
According to the invention as described above, 

1 05 when the porous glass rod is fabricated by means of 
the VAD method, the downward gas stream is 
generated along the outer periphery of the passage 
in the reaction vessel. Therefore, the porous glass 
base material having constant outer diameter and 

110 refractive Index distribution over the longitudinal 
direction can be provided by the stable downward 
gas stream not affected by the variation in the 
clearance in the passage. 
On the other hand, according to the apparatus of 

115 the invention as described above, the arrangement 
comprises not only the exhaust port and the passage 
ofthe vessel, the burner for generating glass fine 
particles, and the target, but the glass flow passage 
formed between the upper inner periphery of the 

1 20 vessel and the outer periphery of the passage, the 
gas inlet formed atthe upper end ofthe gasflow 
passage, and the cylinder having hermetical 
sealability is coupled with the passage. Therefore, 
the predetermined downward gas stream can be 

125 facilitated, and the drawing operation of the glass 
rod can be performed without loss ofthe 
atmosphere in the reaction vessel by utilizing the 
cylinder of the passage. 
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CLAIMS 

1 . A method of fabricating a porous glass rod 
using a reaction vessel which Includes an elevational 

5 passage between an exhaust port of the vessel side 
and the top of the vessel over its interior, a burner 
mounted inthe vessel for forming glassfine 
particles, and a target which is elevationally movable 
and rotatable and is inserted from the passage into 

10 the vessel, said method comprising producing glass 
fine particles by means of the burner and 
accumulating these to form the porous glass rod at 
the lower end of the target when rotated at a 
predetermined position in the reactor, and drawing 

15 the target in response to the growing porous glass 
rod, wherein a downward gas stream is produced 
along the outer periphery of the passage in the 
vessel. 

2. A method according to Claim 1, further 
20 comprising regulating the gas stream so that a 

constant flow rate of the downward gas stream 
along the outer periphery of the passage is obtained. 

3. A method according to Claim 1, further 
comprising regulating the flow rate of the downward 

25 gas stream along the outer periphery of the passage 
so that a constant exhaust gas pressure in the vessel 
Is obtained. 

4. An apparatus for fabricating a porous glass 
rod, said apparatus having a reaction vessel 

30 Including an elevational passage between an 
exhaust port of the vessel side and the top of the 
vessel over its Interior, a burner mounted inthe 
vessel for forming glassfine particles, a target which 
is elevationally movable and rotatable and Is 

35 inserted from the passage into the vessel, a cylinder 
having hermetlcal sealability coupled with the top of 
the passage, a gas flow passage for a downward gas 
flow between the upper inner periphery of the vessel 
and the outer periphery of the passage, and a gas 

40 Inletformedatthetopof the passage. 

5. An apparatus according to Claim 4, wherein 
said gas inlet comprises a plurality of through holes 
In the upper surface of the reaction vessel. 

6. An apparatus according to Claim 4, wherein 
45 said gas Inlet is formed through a member having a 

tjdS guide inlet and a ring-shaped gas outlet. 

7. An apparatus according to Claim 4, 5 or 6, 
wherein said gas inlet is connected with a piping 
system having a flow rate regulator. 

50 8. A method of fabricating a porous glass rod, 
said method being as claimed in Claim 1 and 
substantially as herein described with reference to 
Figure 1 or 2 of the accompanying drawings. 
9. An apparatus for fabricating a porous glass 

55 rod, substantially as herein described with reference 
to Figure 1 or 2 of the accompanying drawings. 
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